This paper examines cross-sectional relations between ex ante expected returns and ex ante betas. As a proxy for ex ante expected returns, we use the implied mean returns obtained from the riskadjusted option pricing model suggested in this paper. We find that ex ante expected returns have a positive and significant cross-sectional relation with ex ante betas in all investment horizons considered. This significant relation is maintained regardless of the inclusion of firm size, bookto-market, and momentum. The cross-sectional regression estimate of ex ante market risk premium has a statistical significance as well as an economic significance in that it contains significant forward-looking information on future macroeconomic conditions. Further, we find that ex ante betas have significant explanatory power for realized ex post returns. A significant relation between ex ante forward returns and forward betas is also found. Other interesting findings are that, in an ex ante world, firm size is still negatively significant, but book-to-market is negatively significant, which is the opposite of the ex post results; also, investors' ex ante expectation on returns is not predicated on past stock performance. 
I. Introduction
One of the most fundamental issues in finance is what is the appropriate amount of return expected (or required) by investors when they bear risk. The first and most prominent model among others to address this issue is the Capital Asset Pricing Model (CAPM) by Sharpe (1964) , Lintner (1965), and Black (1972) . This model posits a linearly positive relationship between systematic risk (or market beta) and expected return on a risky asset.
Indeed, the CAPM applies to all areas: computation of the cost of capital, measurement of investment performance, determination of fair returns for regulated industry, etc.
Numerous investment institutions, such as Value Line, Standard & Poor's, and Merrill
Lynch, use beta as the appropriate risk index and report beta to their customers. Due to the importance of the model, many researchers have been testing its validity since it was introduced. Empirical testing of the validity of the CAPM is the most heavily investigated area in finance.
Contrary to the prediction of the CAPM, however, most empirical results have found that idiosyncratic risk factors have significant explanatory power for stock returns, while market beta has little power. For example, Fama and French (1992) reports that firm size and book-to-market explain well the cross-section of average stock returns, while market beta has no explanatory power. This challenges the validity of the CAPM, one of the most important models in finance.
In fact, the CAPM determines the equilibrium risk-return relationship on an ex ante basis. Thus, empirical test of the CAPM should be performed on an ex ante basis. It is difficult, however, to empirically test the CAPM on an ex ante basis, since the future expected return and beta are unavailable at the beginning of the investment period.
Because of this empirical difficulty, most previous tests have been done on an ex post historical basis, implicitly assuming that historical realized average returns are good estimates of future expected returns. However, there is ample evidence that average realized return does not converge to expected return in finite samples. One of the features, which work against the convergence of average realized return to expected return, is the time-variation of expected returns and market risk premium (i.e., nonstationarity). Unless return distributions are stable and precise over time, the expected returns estimated by these methods may not perform well as a true representation of ex ante market expectations.
1 In his presidential address, Elton (1999) notes that "there are periods longer than 10 years during which stock market realized returns are on average less than the risk-free rate (1973 to 1984) . There are periods longer than 50 years in which risky long-term bonds on average underperform the risk-free rate (1927 to 1981) ." In these circumstances, the use of realized returns for expected returns and market betas could lead to biased estimation and to rejection of the CAPM. Despite the problems caused by the use of realized returns, most results in the empirical asset pricing literature are obtained from such returns.
Elton (1999) also notes that "developing better measures of expected return and alternative ways of testing asset pricing theories that do not require realized returns have a much higher payoff than any additional development of statistical tests that continue to rely on realized returns as a proxy for expected returns." In this vein, several studies construct alterative proxies for expected returns. Gebhardt, Lee, and Swaminathan (2001) , Fama and French (2002) , Botosan and Plumlee (2005) , and Easton and Monahan (2005) use valuation models to estimate expected returns. Brav, Lehavy, and Michaely (2005) construct estimates of expected returns using financial analysts' target prices from Value Line, and Campello, Chen, and Zhang (2008) use corporate bond yields to estimate expected equity returns. 2 In particular, Brav, Lehavy, and Michaely (2005) and Campello, Chen, and Zhang (2008) conduct cross-sectional tests for the relation between market beta and expected return by using their own measures of expected returns, and find that market beta is significantly priced.
However, the measures of expected returns used in the previous studies have several problems. The most frequently used approach to obtain estimates of expected returns is to use valuation models and calculate internal rates of return for the estimates.
Most valuation models use unrealistic assumptions for the future evolution of accounting 1 Fama and French (1997) and Pastor and Stambaugh (1999) find that both the CAPM and the Fama and French three-factor model are imprecise owing to the uncertainty about true factor risk premiums and imprecise estimates of the factor loadings that are based on historical returns. 2 Levy (1997) conducts a classroom experiment to estimate ex ante parameters.
variables, such as constant dividend growth. Furthermore, most models use indirect measures for expected stock returns. For example, the Brav, Lehavy, and Michaely (2005) approach of using analyst target prices from Value Line adopts similar assumptions.
Another popular measure of investors' expected return is bond yields, which are used in Campello, Chen, and Zhang (2008) . Bond yields are forward-looking expected returns over the life of the bonds, under the conditions that the bonds do not default, the yields do not change in the next periods, and coupon payments are reinvested at the same rate as the yield until maturity. However, although bond yields reflect the expected risk premium for default risk, which is the financial side of systematic risk, bond yields may not reflect the expected risk premium caused by an uncertain business environment, which is the business side of systematic risk. It would be difficult to say, therefore, that bond yields fully reflect the expected risk premium of all systematic risks of a firm. Another problem inherent in using bond yields as a proxy for ex ante expected return is that many firms' bond trade prices are unavailable.
To overcome the shortcomings of the above-mentioned measures, we use option prices to extract information regarding ex ante expected returns and market beta of the underlying asset. Since option prices reflect investor expectations for future stock price movements, option data are an excellent information source for ex ante parameters.
Option data have many advantages over other information sources for expected returns used in the previous studies. Option data are observed market prices, are not obtained from any specified model, and expected returns implied from option prices might reflect investor expectations for all systematic risk of the underlying asset. We extract implied mean return and implied volatility of the underlying asset from forward-looking option prices. We regard this implied mean return as a proxy for ex ante expected return.
The approach we follow is a risk-adjusted option pricing model that prices an option in discrete time and that retains the expected return of the underlying asset in the pricing equation. The Black-Scholes (1973) risk-neutral model prices options by taking advantage of the interesting feature that a particular portfolio of the stock and the option can cancel out the unknowns-namely the expected mean returns of the option and its underlying stock in continuous time. 3 However, if our objective is to extract expected return given the market price of options, we should form the corresponding risk-adjusted valuation model that will retain the expected returns in the pricing model.
Option pricing models that embed mean stock returns are not new. The early option pricing models of Sprenkle (1961) , Ayres (1963) , and Boness (1964) have implicitly or explicitly assumed some form of risk-adjusted framework such that investors who employ a buy and hold strategy could be linked to expected stock returns.
However, none of these models provides an adequate theoretical structure that relates option returns and stock returns, hence they lack the ability to extract stock returns from option prices. Our risk-adjusted model, however, provides the pricing equations necessary to jointly estimate the expected returns of both the stock and the option.
The main purpose of this study is to examine the CAPM relation on an ex ante basis. Two ex ante variables are needed in this test: expected return and market beta. In order to obtain ex ante expected returns, we compute implied mean returns from the riskadjusted option pricing model that we derive in this paper. These option-implied returns (or simply, implied returns) are used as expected returns. At the end of each month (i.e., at the last trading day of each month), we observe the prices of a stock option with a particular maturity and compute implied returns of the underlying stock from the observed option prices. At the same time, we find a market index option such as Standard & Poor's 500 index option whose maturity is matched with that of the stock option, and we estimate implied market returns from the market index option. Thus, each implied return of the stock has its counterpart implied market return.
There is no explicit way to directly extract expected market betas. The literature is limited in the area of extraction of implied betas from option prices. To our knowledge, there are only two papers in this area. Siegel (1995) proposes a new "exchange option," the price of which is based on the number of units of a specific stock that can be exchanged for one unit of an index. Thus, he argues that the price of this exchange option can reveal the implied beta of the stock. However, such exchange options do not exist in current capital markets. More recently, Christoffersen, Jacob, and Vainberg (2006) show that implied beta can be extracted from option prices without using this new derivative.
The beta in their model is computed using forward-looking variances and the skewnesses of the stock and the market. However, the main limitation in their approach is the internal conflict between the assumption of the CAPM where returns of the stocks follow a multivariate normal distribution, and the existence of skewness in stock returns.
Furthermore, their approach does not generate the unique implied beta in that an implied beta can be obtained by using kurtosis (or any moment), which can differ from the one obtained by using skewness. Because of these problems, we simply estimate expected market betas by regressing option-implied returns of the underlying stock on optionimplied returns of the market index, the Standard & Poor's 500 Index.
Option-implied monthly returns for a total of 4,078 stocks are obtained over the period January 1996 through April 2006. One feature of our implied returns is that it portrays how investor expectations differ for different investment horizons. We find that there is apparently a downward sloping term structure of implied returns. That is, the longer the investment horizon, the smaller the expected return. The term structures of implied volatility and implied market beta are also downward sloping. In month-by-month, cross-sectional regressions of ex ante implied returns on implied market betas, which is an ex ante version of the CAPM test, we find that there is a significantly positive relation between these two ex ante variables. Even though firm characteristics such as firm size, book-to-market, and momentum are included in the model, this positively significant relation is strongly maintained. We also examine whether implied market betas have explanatory power for ex post realized stock returns and find that implied market betas are significantly priced. Since there is apparently a nonconstant term structure of expected returns, we repeat the cross-sectional asset pricing 4 The downward sloping term structure of volatilities is well documented in the literature. See Hull (2002).
tests for each maturity group. In all maturity groups, we find results similar to those obtained from using the whole sample.
Since we have implied returns with various investment horizons at a given time, it is possible to compute forward-implied returns and betas and to examine crosssectional relations between these two forward variables. We find that forward-implied returns also have a positive and significant relation with forward market betas.
Another way to test whether our CSR estimate of ex ante market risk premium has economic significance is to examine whether the ex ante market risk premia estimate contains forward-looking information on macroeconomic conditions. We find that the ex ante market risk premium has a significant positive relation with the future default premium. And, it has a significant negative relation with future dividend yield and a generally negative relation with the future growth of real economic activity as measured by consumption, GDP, and labor income. These results indicate that as more cash flows (from more dividends and expanding real economic activity) are expected in the future, the stock price level increases and then the subsequent ex ante expected return is lowered.
In sum, the ex ante market risk premium contains significant forward-looking information on future macroeconomic conditions. When the implied market returns (from S&P 500 Index options) are used instead of the ex ante market risk premium estimate, we obtain stronger but similar results. However, when the CRSP value-weighted market returns are used in the regression, we find that the realized market returns have no significant forward-looking information on future macroeconomic conditions. This paper is organized as follows. Section II describes the risk-adjusted option pricing model for implied return and volatility, Section III describes the data, and Section IV explains the computational details for the implied variables. Section V presents empirical results, and Section VI sets forth our conclusion.
II. A Model for the Forward-Looking Implied Return and Volatility
The seminal Black-Scholes model provides not only a formula to price derivatives, but it lays the groundwork for asset pricing using the equivalent martingale (or risk neutral)
methodology. According to Black and Scholes (1973) and many later researchers (e.g., Merton, 1973 Merton, , 1976 Cox and Ross, 1976; Harrison and Kreps, 1979; and Harrison and Pliska, 1981) , there always exists a risk neutral measure where all assets should earn the risk free rate of return. This facilitates the derivation and computation of various pricing models. This methodology is still the dominant method for asset pricing.
However, Heston (1993) shows that the "risk-free rate" result in the BlackScholes model is an important consequence of the distribution assumption. He shows that with an alternative stochastic process, the expected return of the underlying asset will show up in the formula. Taking a different approach in this paper, we derive an option pricing model under the physical measure where each asset must be discounted by its
proper (risk-adjusted) discount rate. In doing so, we are able to back out the expected return of the underlying stock and arrive at a closed-form solution for options, which allows us to use option price data to compute ex ante expected stock returns. Furthermore, the distribution assumption still remains Gaussian, which is consistent with the BlackScholes model and the CAPM of Sharpe (1964) and Lintner (1965) .
In this section, we derive several propositions required to compute the implied return and implied volatility. Our objective is not to price options as the Black-Scholes model does, but to have a closed-form solution in which the expected (risk-adjusted) return is retained. Using this framework, we jointly estimate implied return and implied volatility through the market prices of options.
It is well known that the Black-Scholes model can be used to compute the implied volatility but not the implied mean return of the underlying stock, due to the fact that the no-arbitrage argument renders a preference-free model and hence contains no such parameter. In this subsection, we demonstrate that such parameter can be rediscovered via an "equilibrium" pricing approach similar to Samuelson (1965) and Sprenkle (1961) . Proposition 1, below, describes how the implied mean return and volatility can be simultaneously estimated from option prices.
Proposition 1:
Assume stock price S follows a geometric Brownian motion with an expected instantaneous return of and volatility of . Let a call option on the stock at any point in time t be given by , that matures at time T. Let be the expected instantaneous return on this option. Then for a small interval of time, Δt, the relationship between the expected returns on the underlying stock and the option, and , can be given by:
(1) 
where is the instantaneous expected return on the market portfolio, and and are the market betas of the underlying stock and the call option, respectively, which are defined as
Cov , Var and Cov , Var .
Thus, it can be seen that . 2a
Equation (1) holds for a small interval of time Δt. We assume the distributions of stock and option returns, and , are both Gaussian and stationary over the life of the option. This implies that is constant over this period. Since our approach is to price the option in a discrete setting, we approximate over the discrete time from t to T as
The linear relation between and in discrete time is the same as in continuous time when and are stationary over the life of the option. Since we use the risk-adjusted model for pricing the option where the expectation of the pricing kernel is based on the entire life of the option, as given in equation (2b) is more appropriate for our equations.
Equation (1) in continuous time and equation (2b) in discrete time can also be proved using the CAPM. For these two equations to hold, however, it is not necessary that the CAPM should hold. The assumptions of the CAPM are much stronger, so that all return distributions are stationary. However, here we need only the stationarity and Gaussian distribution assumption of the stock and option returns to obtain these two equations. Hence, the stationarity assumption of and is weaker than what is needed for the CAPM. Furthermore, Galai (1978) demonstrates many similarities between the continuous time and discrete time properties of that support our stationarity assumption for the return distribution. 5 We also note that the right hand side of equation (2b) is a close approximation of under the stationarity of and .
Proposition 2:
Under the physical measure, the risk-adjusted price of the call option over the discrete time period from t to T is given by:
, 4
where K is the strike price of the option, N(·) is the standard normal probability density function, and
Proof: See Appendix B.
Equation (4) is obtained based on the assumption that the expected return of the option, , the expected return of the stock, , and the volatility of stock price, , are constants. We approximate by , based on the discrete time period of the option from t to T as explained above. Furthermore, we assume that the stock price follows a geometric Brownian motion.
Proposition 3:
The ratio of the market betas of the stock to the option, , over the life of the option can be written as
where √ .
Substituting equations (1), (2b), and (5) into (4), we arrive at an option pricing model as a function of the known variables (current stock price), (current call option price), K (strike price), (risk-free interest rate), and T-t (time to maturity), along with two unknown variables, and . If we observe two or more call option prices with the same days-to-maturity but different strike prices, we can simultaneously solve the option pricing model for and for each individual stock and days-to-maturity.
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Through this approach, for each stock, we obtain different and pairs for different days-to-maturity. Similarly, we can estimate the market expected return ( ) and market volatility ( ) using S&P 500 Index call options.
Note that the implied return here indicates investors' forward-looking ex ante expected return of the stock over the period from the current time, t, to the maturity date,
T.
We therefore obtain different implied returns and volatilities for different maturities at a given trade date, t. This is consistent with investor expectations of return and volatility, which could differ according to their investment horizon.
III. Data
In order to extract forward-looking information on implied return and volatility from For the corresponding stocks whose option data are available, we obtain daily stock prices and returns from the CRSP. To match the stock price with option records, we use the CUSIP and trade date of the stock. A total of 4,078 stocks are found to have both option and stock price data. We also obtain information of firm characteristics, such as firm size and book-to-market, from CRSP and Compustat.
For the risk-free interest rates, we use the St. Louis Fed's 3-month, 6-months, 1-year, 2-year, 3-year, and 5-year Treasury Constant Maturity Rates. Assuming a stepfunction of interest rates, we match the days-to-maturity in the option record with its corresponding constant maturity rate. For example, if the days-to-maturity of the option is less than or equal to 3 months, we use 3-month rates, and if the days-to-maturity is between 3 months and 6 months, we use the 6-month rate, and so on.
IV. Computation of the Implied Return, Volatility, and Market Beta
We jointly estimate implied mean return (or implied return) and implied volatility of the underlying stock, and , by using the risk-adjusted option pricing model through equations (4) and (5). At a given trade date (i.e., the last trading day of each month), we obtain the market prices of only near-the-money call options with same maturity date but different strike prices. We define the near-the-money option as any option whose ratio of stock price to strike price ⁄ falls between 0.9 and 1.3. By using all these options, we compute the implied return and implied volatility via a method of grid search to look for global optima that minimizes the error square. The error is defined as the difference between the observed option price and the right hand side of equation (4) Since one pair of the estimated implied return and volatility is obtained for each maturity and there are several different maturity dates at a given trade date, we obtain several sets of implied return and volatility pairs at a given trade date. That is, we obtain term structures of implied returns and implied volatilities of a stock at a given date.
Similarly, at a given trade date, we also obtain similar term structures for S&P 500 Index options.
If there are no such market index options available at a given trade date, we interpolate the value of market implied return and volatility using other days-to-maturity information of the market index options. For example, suppose that for a particular trade date, we have three different implied market returns corresponding to three different days-to-maturities: 90 days, 120 days, and 150 days. For the implied return of an underlying stock whose option has 140 days to maturity, the corresponding market implied return will be obtained from a linear interpolation using the market implied returns of 120 days and 150 days. If days-to-maturity of stock implied return is more than 150 days, the corresponding market implied return will be the market implied return of 150 days. Therefore, there is one-to-one correspondence between the implied return of an underlying stock and the market implied return. Hence, we obtain the matched implied market returns and implied stock returns.
Since options whose payoffs are determined by the correlation between the underlying stock and the market portfolio do not exist, it would be difficult to directly extract information regarding implied market betas like the implied mean return.
Therefore, we estimate implied market betas of an underlying stock by regressing implied returns of the stock on implied market returns. and volatility, respectively. As seen in Table 1 , the number of firm-year observations is much greater for short-term options than for long-term options. 8 This is because the nearthe-money options of most of the stocks are actively traded on short maturities. Table 1 shows that implied return decreases with maturity; that is, the term structure of implied returns is apparently downward sloped. Specifically, when days to maturity are less than or equal to 30 days (0 30 , between 30 and 60 days (30 < T ≤ 60), between 60 and 120 days (60 < T ≤ 120), between 120 and 210 days (120 < T ≤ 210), and longer than 210 days (T > 210), the averages of implied returns are 0.538, 0.336 0.243, 0.178, and 0.122, respectively. The average of the whole implied returns is 0.315. This indicates that investors have high expectation in a short-term horizon, while they are more subdued and hold more reasonable expectation in a long-term horizon.
V. Empirical Results

A. Basic Statistics of the Implied Variables
Chen, Kim, and Panda (2009) Implied volatility also shows a downward sloping term structure. That is, implied volatility is higher for a shorter maturity than for a longer maturity. However, the decreasing rate of the slope over days-to-maturity is smaller than the case of implied returns. The averages of the implied standard deviations are 0.515, 0.497, 0.474, 0.456, and 0.423 over the above-mentioned five intervals of maturity, respectively.
Since we observe a downward sloping term structure of implied returns and volatilities, the risk-return structure differs across maturities (or investment horizon). It is appropriate, therefore, that implied returns be matched with implied market betas in the tests, which are both in the same maturity group. As mentioned above, we classify the whole sample into five maturity groups: 0 30, 30 < T ≤ 60, 60 < T ≤ 120, 120 < T ≤ 210, and T > 210. In each maturity group, implied betas are estimated by regressing implied returns of an underlying stock on implied market returns over the whole period contained in the maturity group. For any stock, therefore, there can be up to five implied betas according to the availability of implied returns. Since the CAPM is a one-period model, holding period return (HPR) should be used in the tests. Thus, implied HPRs are used in estimating implied market betas, imp , instead of CCRs. Implied HPR is computed as 1, where µ is implied CCR. The implied beta also shows a similar downward pattern across maturities. The averages of the implied beta over the five maturity groups are 1.146, 0.959, 0.542, 0.530, and 0.467, respectively. The longer is the investment horizon, the smaller is the beta. These results are somewhat consistent with Levhari and Levy (1977) , who show theoretically that market beta is a function of investment horizon. Table 1 also reports the correlation coefficients between the implied variables and their historical counterparts. Using the whole pooled sample, the correlation coefficient (ρ μ, ) between the implied return (μ) and its historical counterpart (annualized CCR of the underlying stock over the option life, (r )) is 0.100. There is no particular pattern in this correlation coefficient across the five maturity groups. The correlation coefficient ( ρ σ, ) between the implied volatility (σ) and its historical counterpart (annualized sample standard deviation over the option life is 0.695, and the correlation coefficient (ρ , ) between the implied beta (β) and its historical market beta (ScholesWilliam's (1977) beta estimate using daily returns over the option life) is 0.114. The correlation coefficients, ρ , and ρ , , tend to increase with length to maturity, which indicates that implied volatility and beta could be more informative in predicting their historical counterparts. Table 2 presents the basic statistics of the implied variables of the market index option, S&P 500 Index call option. The number of firm-month observations of the market-implied variables is exactly matched with the number of observations of individual stock options. The term structure of the implied market returns is also apparently downward across investment horizons, although its slope is less steep than the case of implied returns for individual stocks. The averages of the implied market return and standard deviation are 0.169 and 0.202, respectively, using the whole pooled sample.
These are much smaller in magnitude than those of individual stock options. The term structure of the volatility of S&P 500 Index option is almost flat.
B. Cross-Sectional Regression Tests Using Ex Ante Implied Returns and Implied
Betas
As mentioned above, the forward-looking implied variables obtained from option prices can be used as investors' ex ante expectation on the risk and return. In this sense, implied return and implied beta are the most plausible proxies for ex ante return and risk. By using the computed implied returns and betas, we examine the ex ante risk-return relationship by using the classical Fama and MacBeth methodology. In order to do this, we estimate the following cross-section regression (CSR) model at month t,
where μ , , is the implied annualized HPR on underlying stock i over the option life ([t, T] ) from the last trading day of month t to maturity T, and , , is the Treasury bill annualized holding period yield over the period [t,T] . In fact, μ , , is the expected return over the period from the first trading day of month t+1 to the maturity, T. is the OLS implied beta estimate of stock i obtained from regressing implied HPRs of stock i on implied market HPRs over the whole period in each maturity group. The control variables used in the CSR tests are firm characteristics such as firm size, book-to-market, and momentum (past six-month returns), which are the variables for the widely known market anomalies that the CAPM fails to explain. Table 3 shows the CSR estimation results of equation (6) where , , is the ex post HPR of an underlying stock i over the period H (i.e., from one day after the last trading day of month t to H days after the last trading day of month t), and , , is the Treasury bill annualized holding period yield over the corresponding measurement period , , . We consider two different holding periods, H. The first holding period is up to maturity (H=T), which means that investors invest in each stock at the last trading day of every month according to the value of the implied betas and hold the stock until the option maturity date. The second holding period is one month (H=one month), which means that investors invest in each stock at the last trading day of each month according to the value of the implied betas and hold each stock for one month.
Thus, the investment period overlaps in the first scheme, while it does not overlap in the second scheme. and momentum tends to be realized differently from their expectation. That is, the CSR coefficient estimates on the book-to-market variable are overall positive and marginally significant, which is opposite when ex ante expected returns are used. The CSR coefficient estimates on the momentum variable are positive and significant, which means that momentum does not exist a priori but appears significant a posteriori. Note that even when each of the control variables is alone in the model, the estimated coefficients on the control variable are similar.
D. Forward Relationships Between Ex Ante Implied Betas and Implied Ex Ante Returns
Since implied returns and volatilities observed at any given time have a variety of maturities (from short to long), it is possible to compute forward-implied returns and volatilities for an underlying stock. That is, the forward-implied return, observed at time t, on an underlying stock over the forward period , is computed as , ,
where , and , are the implied (annualized) returns on the underlying stock over the option lives , and , , respectively. These implied returns are observed at time t (i.e., at the last trading day of each month), and and are the shorter and longer maturities of the option, respectively. Note that implied returns in equation (8) are CCRs, but their HPRs are used in estimating forward-implied betas and in the CAPM tests.
Similarly, the forward-implied standard deviation over the forward period , is computed as
where σ , and σ , are the implied standard deviations of the underlying stock over the option lives , and , , respectively. When there are more than two options with different maturities at a given time, say, , , and , we compute the forwardimplied variables over nonoverlapped forward periods, such as over the periods , and , , not , . Table 5 , the forward-implied return also decreases with the length of the forward period; that is, the term structure of forwardimplied returns is downward shaped, although its slope is slower than that of the implied returns. The forward-implied volatility and forward-implied beta estimates also show a modestly downward term structure across the length of the forward period.
It would be interesting to examine whether there is a positive forward relation between ex ante expected returns and betas. To do this, we estimate the following CSR model at month t, , ,
where , , is the implied forward annualized HPR on underlying stock i over the forward period , , , , is the Treasury bill annualized holding period yield over the same forward period, and , is the forward-implied estimate of stock i obtained from regressing forward-implied HPRs of stock i on forward-implied market HPR returns over the whole sample period; both forward returns are contained in each forward period length group. Table 6 reports the time series averages of the gamma estimates of equation (10) 
E. Do the Ex Ante Market Risk Premia Estimates Contain the Forward-Looking
Information of Macroeconomic Conditions?
Investors' ex ante returns reflect their forward-looking expectation for individual stocks and the market as a whole. Therefore, another way to test whether our CSR estimate of ex ante market risk premium (presented in Table 3 ) has an economic significance is to examine whether the ex ante market risk premium estimates contain forward-looking information on macroeconomic conditions. To do so, we regress the ex ante market risk premia estimate on the future macroeconomic variables. That is, we estimate the following time-series regression model:
where is the estimate of ex ante market risk premium (i.e., the CSR coefficient estimates) at month t, TB , is the three-month Treasury bill yield from month t+1 through month t+L (L is the number of months of the forward-looking period), TERM is the term spread defined as the difference between the yield on 10-year government bonds and the yield on the three-month Treasury bill, DEF is the default spread defined as the difference between the yield on Moody's BAA rated bonds and the yield on Moody's AAA rated bonds, DIV is the dividend yield on the value-weighted market index, CONSUME is the growth rate of personal consumption expenditures, GDP is the growth rate of GDP, and LABOR is the growth rate of personal labor income. 12 The value of each macroeconomic variable is its geometric average (i.e., compounded value) over L forward-looking months from t+1 to t+L. 13 The sample period is from January 1996 to April 2006. Table 7 The association between the ex ante market risk premium and the future macroeconomic variables becomes stronger with the length of the forward-looking period (L) and with the maturity of implied mean returns used in estimating the ex ante market risk premium.
Specifically, the adjusted R-squares of equation (11) These R-squares are quite high.
The ex ante market risk premium also has a significant forward-looking relation with individual macroeconomic variables. In all regressions (all 24 regressions), it has a strongly significant positive relation with future default premium (DEF). This indicates that investors' ex ante risk premium is proactively increased as the default premium will 12 The dividend yield (DIV) is obtained by using the CRSP value-weighted market returns with and without dividends through the method in Fama and French (1988) . 13 The minimum number of forward-looking months is one month. Over the last L months from the last sample period, therefore, we calculate the geometric average value of the macroeconomic variables by using the remaining observations up to the last month of the sample period.
be increased in the future (at least one month through six months later). In turn, optionimplied returns contain important information about future defaults. The ex ante market risk premium also has a clear relation with future dividend yield (DIV). It has a strongly significant negative relation with DIV in most regressions. This indicates that as dividend yield increases in the future, the stock price level increases and the subsequent expected return (i.e., ex ante market risk premium) is lowered. The negative magnitude of the regression coefficients tends to decrease with the length of maturity.
The ex ante market risk premium has generally negative relations with the future growth of real economic activity as measured by consumption, GDP, and labor income (CONSUME, GDP, and LABOR), although the estimated coefficients are not as statistically significant as those on DEF and DIV. This indicates that as real economic activity is expected to be in expansion, the stock price level increases and then the ex ante market risk premium declines. The ex ante market risk premium is insignificantly related to future short-term interest rates (TB). This may be because the riskless rate of return is already adjusted in the market risk premium; however, it generally has a significant positive relation with future term structure (TERM). Since the coefficient on TERM can also be the coefficient on long-term interest rates (10-year Treasury bond yield), these results indicate that the ex ante market risk premium is positively associated with future long-term interest rates.
In sum, the CSR estimates of the ex ante market risk premium are significantly associated with forward-looking economic conditions and are rationally consistent with our perception. These results support that the CSR estimates have economic significance as well as statistical significance. (11) by using the implied market returns (extracted from S&P 500 Index options)
as the dependent variable, rather than the CSR estimates of the ex ante market risk premium. The results are stronger than but overall similar to those using the ex ante market risk premium estimates (Table 7) , except for the results for future short-term interest rates (TB). The coefficient estimates on TB are mostly positively significant, which means that the ex ante market return increases with future short interest rates. In sum, implied market returns contain significant information on future macroeconomic conditions. In order to compare these ex ante results with ex post results, we regress the CRSP value-weighted market returns on the forward-looking economic variables. The results are reported in Table 9 . Most of the estimated coefficients are insignificant. The Rsquares are quite low, compared with the R-squares from the regressions using the ex ante values. It is difficult to say that the realized market returns contain information on future macroeconomic conditions.
VI. Conclusions
This paper examines the CAPM relation on an ex ante basis. That is, we investigate the cross-sectional relation between ex ante expected returns and ex ante betas. As a proxy for ex ante expected returns, we use implied mean returns obtained from the risk-adjusted option pricing model that we suggest in this paper. Ex ante betas are estimated by regressing implied returns of an underlying stock on implied market returns.
We find that the ex ante cross-sectional relation between ex ante expected returns and betas is positive and statistically strongly significant. This significant relation is maintained regardless of the inclusion of the well known firm characteristics such as firm size, book-to-market, and momentum. Since there is an apparent downward term structure of implied mean returns and betas across investment horizons, we examine the ex ante relation in each maturity group and find there is still a strongly significant ex ante cross-sectional relation. We also find a significant positive forward relation between these two ex ante variables.
In order to examine whether ex ante betas have explanatory power for realized ex post returns, we estimate cross-sectional regressions of realized returns on ex ante betas and find that ex ante betas have a positive and statistically significant relation with ex post realized returns, regardless of the inclusion of the firm characteristics mentioned above. That is, ex ante betas are significantly priced in realized returns.
We also find an interesting difference between ex ante and ex post market anomalies such as firm size, book-to-market and momentum. Investors' ex ante expected return based on firm size tends to be realized as expected. However, investors' ex ante expectation based on book-to-market and momentum tends to be realized differently from their expectation. That is, investors' ex ante expected returns are negatively associated with book-to-market, but their realized returns are positively related with book-to-market.
Investors' ex ante expected returns are not associated with past stock returns, but their realized returns are positively related with past stock returns.
In order to test whether our CSR estimate of ex ante market risk premium contains forward-looking information on future macroeconomic conditions, we regress the ex ante market risk premia estimate on the future macroeconomic variables. We find that the ex ante market risk premium has a significant positive relation with future default premium. Further, it has a significant negative relation with future dividend yield and also has generally negative relations with the future growth of real economic activity as measured by consumption, GDP, and labor income. These results indicate that as more cash flows (from increasing dividends and expanding real economic activity) are expected in the future, the stock price level increases and then the subsequent ex ante expected return is lowered. In sum, the ex ante market risk premium contains significant forward-looking information on future macroeconomic conditions. When the implied market returns (from S&P 500 Index options) are used instead of the ex ante market risk premium estimate, we obtain stronger but similar results. However, when the CRSP value-weighted market returns are used in the regression, we find that realized market returns contain no significant forward-looking information on future macroeconomic Lakonishok, J., Shleifer, A., and Vishny, R. W., 1999, "Contrarian Investment,
A. Proof of Proposition 1:
We prove the proposition without assuming the CAPM. Let the price change for the stock and call option during this interval be ΔS and ΔC, respectively. Without loss of generality let t be the current time, and let current stock and option prices be and , respectively.
This implies:
and ,
where S ⁄ and C ⁄ .
Since stock price S follows a geometric Brownian, the change in the price of the stock ΔS during the small interval of time is ,
where is the Wiener differential. Then, following Ito's Lemma, option price change is given by Var .
Then it follows that from equation (A4),
Finally, taking the expectation of equation (A3), we obtain
And, the proposition is proved.
B. Proof of Proposition 2:
Under the physical measure, the risk-adjusted call option price is described as
C. Proof of Proposition 3:
From equation (3), we can compute the expected value of the call payoff:
.
From the known result of the moment generating function of a Gaussian variable, we
and max , 0
where σ √ .
Hence, the covariance term in equation (2) can be computed as
Finally, combining equations (2b), (B2), and (B4), we have
. C5
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Table 1 Basic Statistics of the Implied Variables for Individual Stock Options
This table presents the basic statistics of the pooled implied data of individual stock options. By using the risk-adjusted option pricing model, the implied mean returns ( ) and standard deviations of individual stocks (all 4,078 stocks) are computed with call option prices of various maturities observed at the last trading day of each month from January 1996 to April 2006. The implied beta OLS estimate of stock i imp ) is obtained from regressing the implied holding period mean returns on stock i on the implied holding period market mean returns in each maturity group (with at least 10 implied observations). Implied mean returns are measured at the end of every month. "Correlation" is the correlation coefficient between the implied variable and its historical counterpart. The historical counterpart of the implied return is the annualized continuously compounded return of the stock over the option life, that of the implied standard deviation is the annualized sample standard deviation, and that of the implied beta is the Scholes-William (1977) beta estimate using daily returns over the option life. "NSAM" is the number of all available firm-month observations. This table presents the basic statistics of the pooled implied data of Standard & Poor's 500 Index options as the market index options. By using the risk-adjusted option pricing model, the implied market mean returns ( ) and standard deviations of the market index options are computed with call option prices of various maturities observed at the last trading day of each month from January 1996 to April 2006. For each observed individual stock option, we find the corresponding Standard & Poor's 500 Index option whose maturity is the same as the stock option. Implied market mean returns are measured at the end of every month. "Correlation" is the correlation coefficient between the implied variable and its historical counterpart. The historical counterpart of the implied market return is the annualized continuously compounded return of the market index over the option life, and that of the implied standard deviation is the annualized sample standard deviation. "NSAM" is the number of all available firm-month observations. 
Control variables ,
where μ , , is the implied annualized holding period mean return on underlying stock i over the option life, measured at the end of each month . , , is the Treasury bill annualized holding period yield measured at the end of each month t . is the OLS implied beta estimate of stock i obtained from regressing the implied mean returns of stock i on the implied market mean returns in each maturity group over the whole sample period. Maturity groups are classified as 5 groups: 0 30, 30 < T ≤ 60, 60 < T ≤ 120, 120 < T ≤ 210, and T > 210 days. Control variables are as follows: ME is the market value of common equity measured one month before the option trading day, BM is the book-to-market ratio and the earnings-price ratio, which is most recently available six months before the option trading day, and "Momentum" is the stock return over the past six months before the option trading day. is the ex post annualized holding period return of underlying stock i over the period H. The period H is the option life from the following day of the end of each month to its maturity date (T) (in Panel A) or is one month from the day following the end of each month to the end of the next month (in Panel B). The option trading day is the last day of each month. Thus, the realized ex post return is measured from the first day of the month following the option trade month to the option maturity. , , is the Treasury bill annualized holding period yield over the same measurement period of , , , and is the OLS implied beta estimate of stock i obtained from regressing implied mean returns of stock i on implied market mean returns in each maturity group. Maturity groups are classified as follows: 0 30, 30 < T ≤ 60, 60 < T ≤ 120, 120 < T ≤ 210, and T > 210 days. Control variables are as follows: ME is the market value of common equity measured one month before the option trading day, BM is the book-to-market ratio and the earnings-price ratio, which is most recently available six months before the option trading day, and "Momentum" is the stock return over the past six months prior to the option trading day, Numbers in parentheses indicate t-statistics. The sample period is from January 1996 to April 2006.
Maturity (in days)
Intercept This table presents the basic statistics of the pooled implied forward variables for individual stock options. , , is the forward-implied annualized holding period return (HPR) on underlying stock i over the forward period , , which is from the next of the first option maturity ( ) to the maturity of the second option ( ). This forward-implied return is measured at the end of every month t from January 1996 to April 2006. σ , , is the forwardimplied annualized standard deviation of the underlying stock i over the forward period , .
, is the forward-implied beta estimate of stock i obtained from regressing the forward-implied HPRs of stock i on the forward-implied market HPRs in each forward period length group over the whole sample period. Forward period length groups are classified as follows: 0 30, 30 < T ≤ 90, 90 < T ≤ 120, and T > 120 days. "NSAM" is the number of all available firm-month observations. , ,
, where , , is the forward-implied annualized holding period return (HPR) on an underlying stock i over the forward period , which is from the day following the first option maturity ( ) to the maturity of the second option ( ), and , , is the Treasury bill annualized holding period yield over the forward period. Both , , and , , are measured at time t (i.e., the last trading day of each month).
, is the forward-implied beta estimate of stock i obtained from regressing the forward-implied HPRs of stock i on the forward-implied market HPRs in each forward period length group over the whole sample period. Forward period length groups are classified as follows: 0 30, 30 < T ≤ 90, 90 < T ≤ 120, and T > 120 days. is the 3-month Treasury bill (geometric average) yield from month t+1 through month t+L (L is the number of months of the forward-looking period), TERM is the term spread defined as the difference between the yield on 10-year government bonds and the yield on the three-month Treasury bill, DEF is the default spread defined as the difference between the yield on Moody's BAA rated bonds and the yield on Moody's AAA rated bonds, DIV is the dividend yield on the value-weighted market, CONSUME is the growth rate of personal consumption expenditures, GDP is the growth rate of GDP, and LABOR is the growth rate of personal labor income.
All maturities Maturities (in days) of ex ante implied returns used in estimating ex ante market risk premia 0<T≤30 30<T≤60 60<T≤120 120<T≤210 210<T is the implied market return on S&P500 Index option (with various maturities) obtained at the end of month t. The macroeconomic variables used as explanatory variables are as follows: TB , is the 3-month Treasury bill (geometric average) yield from month t+1 through month t+L (L is the number of months of the forward-looking period), TERM is the term spread defined as the difference between the yield on 10-year government bonds and the yield on the three-month Treasury bill, DEF is the default spread defined as the difference between the yield on Moody's BAA rated bonds and the yield on Moody's AAA rated bonds, DIV is the dividend yield on the value-weighted market, CONSUME is the growth rate of personal consumption expenditures, GDP is the growth rate of GDP, and LABOR is the growth rate of personal labor income. The sample period is from January 1996 to April 2006. is the CRSP value-weighted market return at month t. The macroeconomic variables used as explanatory variables are as follows: TB , is the 3-month Treasury bill (geometric average) yield from month t+1 through month t+L (L is the number of months of the forward-looking period), TERM is the term spread defined as the difference between the yield on 10-year government bonds and the yield on the three-month Treasury bill, DEF is the default spread defined as the difference between the yield on Moody's BAA rated bonds and the yield on Moody's AAA rated bonds, DIV is the dividend yield on the value-weighted market, CONSUME is the growth rate of personal consumption expenditures, GDP is the growth rate of GDP, and LABOR is the growth rate of personal labor income. The sample period is from January 1996 to April 2006. 
Explanatory Variables
